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Clinical PerspectiveWhat Is New?Higher levels of circulating very‐long‐chain saturated fatty acids are prospectively associated with lower risk of new heart failure in a large cohort of 4249 older adults.The very‐long‐chain saturated fatty acids were associated with lower risk of both heart failure with preserved ejection fraction and heart failure with reduced ejection fraction.The associations were independent of major risk factors for heart failure and similar in subgroups defined by sex, baseline age, body mass index, diabetes mellitus, and coronary heart disease.What Are the Clinical Implications?Circulating very‐long‐chain saturated fatty acids are new biomarkers of heart failure risk.Future studies of dietary and metabolic determinants of the fatty acids are needed.If the associations prove to be causal, raising levels of very‐long‐chain saturated fatty acids may support the prevention of heart failure.

 {#jah33598-sec-0009}

Heart failure (HF) is a disabling clinical syndrome with high rates of hospitalization and mortality.[1](#jah33598-bib-0001){ref-type="ref"}, [2](#jah33598-bib-0002){ref-type="ref"}, [3](#jah33598-bib-0003){ref-type="ref"} With growing prevalence, health costs, and utilization, HF is a major public health issue. Prevalence of HF in the United States was estimated at 6.5 million in 2012, and &approx;1 million new cases are diagnosed annually.[1](#jah33598-bib-0001){ref-type="ref"} In addition, incidence of HF increases dramatically with advancing age, making HF a particular burden in the elderly.[1](#jah33598-bib-0001){ref-type="ref"}, [4](#jah33598-bib-0004){ref-type="ref"} Elucidation of novel dietary and metabolic determinants of HF may lead to improved pathophysiological understanding and potential new treatments.

Circulating very‐long‐chain saturated fatty acids (VLSFAs), saturated fatty acids (FAs) with 20 carbons or more, are integrated biomarkers of diet and metabolism. VLSFAs are major components of ceramides and sphingomyelins, lipids made of a sphingosine backbone with 1 acylated fatty acid.[5](#jah33598-bib-0005){ref-type="ref"} Ceramides in particular are known for their role in apoptosis,[6](#jah33598-bib-0006){ref-type="ref"} and apoptosis appears crucial to the pathophysiology of HF.[7](#jah33598-bib-0007){ref-type="ref"}, [8](#jah33598-bib-0008){ref-type="ref"} Whereas ceramides with the long‐chain saturated FA, palmitic acid (16:0 \[16 carbons, 0 double bond\]), promote apoptosis, ceramides with a VLSFA, especially 24:0, appear to counteract these effects and protect against apoptosis.[9](#jah33598-bib-0009){ref-type="ref"} In particular, ceramide with 16:0 creates channels in the outer membrane of mitochondria, resulting in membrane permeabilization and apoptosis, but ceramide with 24:0, which is able to span both outer and inner membranes, is thought to destabilize the 16:0‐ceramide--mediated channels, thereby preventing mitochondrial membrane permeabilization and apoptosis.[10](#jah33598-bib-0010){ref-type="ref"} In addition, higher levels of circulating VLSFAs have been reported to be associated with lower risk of type 2 diabetes mellitus,[11](#jah33598-bib-0011){ref-type="ref"}, [12](#jah33598-bib-0012){ref-type="ref"} atrial fibrillation,[13](#jah33598-bib-0013){ref-type="ref"} and coronary disease,[14](#jah33598-bib-0014){ref-type="ref"} all important risk factors for HF. However, the relationship between VLSFA and HF has not been evaluated.

Given that VLSFA may influence the risk of HF through multiple mechanisms, we hypothesized that higher circulating VLSFA levels would be associated with lower risk of HF. We tested this hypothesis in the CHS (Cardiovascular Health Study), a well‐characterized, prospective, population‐based cohort study of cardiovascular disease risk in older adults with 3 serial biomarker measurements of plasma phospholipid FAs: at baseline and 6 and 13 years of follow‐up. Using these unique data, we investigated the prospective association of the 3 major circulating VLSFAs, arachidic acid (20:0), behenic acid (22:0), and lignoceric acid (24:0), with risk of incident HF.

Methods {#jah33598-sec-0010}
=======

Data, analytical methods, and study materials will not be made available to other researchers for purpose of reproducing the results or replicating the procedure. The authors are not authorized to share CHS data.

Study Population {#jah33598-sec-0011}
----------------

CHS[15](#jah33598-bib-0015){ref-type="ref"} participants were recruited from 4 US communities (Forsyth County, North Carolina; Sacramento County, California; Washington County, Maryland; and Allegheny County, Pennsylvania) from a random sample generated from the Health Care Financing Administration files. Among eligible adults who were contacted, 57% agreed to participate. The cohort consists of 5201 noninstitutionalized men and women, aged ≥65 years, recruited in 1989--1990, plus an additional 687 predominantly black participants recruited in 1992--1993. Each center\'s institutional review board approved the study, and all participants provided informed written consent to participate in the study.

Plasma phospholipid FAs were measured in blood drawn in 1992--1993, the baseline of our investigation, and again at 6  (1998--1999) and 13 years (2005--2006) of follow‐up. We included 4249 CHS participants with at least 1 available FA measurement and free of prevalent HF at the time of their first FA measurement.

Plasma Phospholipid FAs {#jah33598-sec-0012}
-----------------------

Serial FA measurements were obtained on 3693 participants at baseline (70.1% of living participants at this visit), 2472 participants at 6 years (62.2%), and 902 participants at 13 years (47.4%). At each study visit, blood was drawn after 12‐hour fasting, and plasma specimens were stored at −70°C. Plasma lipids were subsequently extracted by the method of Folch[16](#jah33598-bib-0016){ref-type="ref"} and phospholipids separated from other lipids by thin‐layer chromatography. FA methyl esters were prepared by direct transesterification of the phospholipid fraction[17](#jah33598-bib-0017){ref-type="ref"} and separated by gas chromatography using a fused‐silica 100‐m capillary column, as previously described.[18](#jah33598-bib-0018){ref-type="ref"} FAs were expressed as weight % of total FAs. Laboratory personnel were blinded to the case status of the samples. Quality control included the use of a control sample run in parallel with each batch of study samples through the whole protocol. Interassay coefficients of variation for VLSFA measurements across the study period were ≤3.5%.

Ascertainment of HF {#jah33598-sec-0013}
-------------------

Participants were followed by annual clinic examinations with interim 6‐month phone contacts until 1999, twice‐yearly telephone contacts thereafter, and another clinic visit in 2005--2006. Incident HF was adjudicated by a centralized committee using information from out‐ and inpatient medical records, diagnostic tests and consultations, and interviews. Confirmation of definite HF required each of 3 criteria: (1) diagnosis of HF by a treating physician; (2) either HF symptoms (shortness of breath, fatigue, orthopnea, or paroxysmal nocturnal dyspnea) plus signs (edema, rales, tachycardia, gallop rhythm, and displaced apical impulse) or supportive clinical findings on echocardiography, contrast ventriculography, or chest radiography; and (3) medical therapy for HF, defined as diuretics plus either digitalis or a vasodilator (angiotensin‐converting enzyme inhibitors, hydralazine, or long‐acting nitrates).[19](#jah33598-bib-0019){ref-type="ref"} Whenever possible, HF was subtyped into HF with preserved ejection fraction (HFpEF) and HF with reduced ejection fraction (HFrEF) on the basis of findings from echocardiography and cardiac catheterization reports.

Other Risk Factors {#jah33598-sec-0014}
------------------

Information on a wide range of covariates was obtained during study visits, including medical history, lifestyle, and clinical risk factors.[15](#jah33598-bib-0015){ref-type="ref"} Information on age, sex, ethnicity, education, physical activity, and smoking status was based on self‐report. Usual walking habits included average pace (gait speed) and distance walked. Weight, waist circumference, and height were measured using standardized protocols. Plasma lipids and glucose were assessed on fasting blood samples using enzymatic methods.[15](#jah33598-bib-0015){ref-type="ref"} Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Diabetes mellitus was defined by a fasting glucose level of ≥7 mmol/L (126 mg/dL) or use of insulin or oral hypoglycemic agents.

Statistical Analyses {#jah33598-sec-0015}
--------------------

Levels of VLSFA were evaluated in quintiles as indicator variables, based on the distribution at study baseline, with the significance of trends across categories evaluated by entering the categorical variable as an ordinal variable. VLSFA levels were also evaluated linearly across the interquintile range, corresponding to the difference between the midpoint of the top and bottom quintiles (90th and 10th percentiles). Cox proportional hazards regression was used to estimate the hazard ratio (HR) of incident HF, with left entry at the first FA measurement and time at risk until first HF diagnosis, death, or latest date of adjudicated follow‐up in 2015. Multivariable models included prespecified adjustments for age, sex, race, enrollment site, prevalent coronary heart disease, atrial fibrillation, diabetes mellitus, fasting glucose, treated hypertension, systolic blood pressure, BMI, waist circumference, smoking status, physical activity, and levels of 2 phospholipid FAs (20:5n3 \[eicosapentaenoic acid\] and 24:1n9 \[nervonic acid\]) previously associated with HF in this cohort.[18](#jah33598-bib-0018){ref-type="ref"}, [20](#jah33598-bib-0020){ref-type="ref"} Levels of VLSFA and model covariates were evaluated as time‐varying variables with updating at the time of each new FA measurement. We also evaluated atrial fibrillation and coronary heart disease as time dependent, updating anytime during the follow‐up; results from these models (not shown) were similar to results of primary models updating only at time of VLSFA update.

To further examine the shape of the VLSFA associations with HF risk, we used cubic spline models. For all but 1 of the VLSFAs, results from the fit of the spline model were consistent with the quintile‐based results presented here ([Figures S1 through S3](#jah33598-sup-0001){ref-type="supplementary-material"}). For the FA, 24:0, spline results indicated an elevation in risk at the highest levels, whereas in the quintile analysis, the highest quintile appeared to carry the lowest risk. To explore these discrepancies, we examined the distribution of 24:0 levels in the highest quintile and its association with risk. When we plotted a lowess smooth of Martingale residuals from a Cox model containing only the adjustment variables for subjects in the highest quintile of 24:0 (not shown), we observed that it was only the influence of sparse data for the highest values of 24:0 in the top quintile (2.0% and above) that suggested higher risk. For this reason, we retained the quintile analysis.

To examine the influence of lack of proportional hazards observed with some of the adjustment variables, we conducted sensitivity analyses incorporating true, risk‐set stratification on categories defined by these combined variables. Results obtained with the stratified models (not shown) were similar to the results from the primary analyses presented here.

In secondary analysis, we compared the HRs for the associations of VLSFAs with HF with preserved ejection fraction (HFpEF) to the HRs for the associations of VLSFAs with HF with reduced ejection fraction (HFrEF), using the Lunn and McNeil approach.[21](#jah33598-bib-0021){ref-type="ref"}

For each VLSFA, we explored potential effect modification by age, sex, BMI, diabetes mellitus, and prevalent coronary heart disease in models that included a linear term for the VLSFAs and a multiplicative term between the VLSFAs and the effect modifier. We used 0.05 for significance of 2‐sided statistical tests. All analyses were conducted in Stata/SE software (version 14.2; StataCorp LP, College Station, TX).

Results {#jah33598-sec-0016}
=======

At baseline, participant mean age (SD) was 75.6 (5.3) years, and 40.4% were male. Mean (10th, 90th percentiles) VLSFA levels were 0.50% (0.40, 0.60) for 20:0, 1.66% (1.27, 2.07) for 22:0, and 1.39% (1.04, 1.76) for 24:0. For each VLSFA, within‐individual correlations between the repeated measures were ≥0.48 (Table [1](#jah33598-tbl-0001){ref-type="table"}). Intercorrelations between baseline levels of the different VLSFAs were 0.64 (for 20:0 and 22:0), 0.47 (20:0 and 24:0), and 0.89 (22:0 and 24:0).

###### 

Levels and Correlations of Serial Measurements of Plasma Phospholipid VLSFAs in the Cardiovascular Health Study

                                                 24:0                      22:0                      20:0
  ---------------------------------------------- ------------------------- ------------------------- -------------------------
  Levels at entry, % of total FAs                                                                    
  Mean±SD                                        1.39±0.29                 1.66±0.32                 0.50±0.08
  Median (range), IQR                            1.37 (0.52--3.42), 0.72   1.65 (0.16--3.49), 0.80   0.50 (0.26--0.82), 0.21
  Correlations of serial measurements                                                                
  Baseline and year 6                            0.59                      0.62                      0.72
  Baseline and year 13                           0.48                      0.48                      0.60
  Year 6 and year 13                             0.56                      0.57                      0.67
  Intercorrelations between VLSFAs at baseline                                                       
  24:0                                           1.0                                                 
  22:0                                           0.89                      1.0                       
  20:0                                           0.47                      0.64                      1.0

20:0 indicates arachidic acid; 22:0, behenic acid; 24:0, lignoceric acid; IQR, interquintile range, defined as the difference between the midpoint of the top and bottom quintiles; VLSFA, very‐long‐chain saturated fatty acids.

John Wiley & Sons, Ltd

Table [2](#jah33598-tbl-0002){ref-type="table"} shows participants characteristics across quintiles of 24:0. Participants in the highest quintile were, on average, younger, more likely to be male, less likely to be white, less likely to have diabetes mellitus, coronary heart disease, atrial fibrillation, and hypertension, and more likely to have higher low‐density lipoprotein cholesterol and lower fasting triglycerides.

###### 

Baseline Characteristics of 4249 Participants in the Cardiovascular Health Study, According to Quintiles of 24:0 Levels

                                         Q1                  Q2                  Q3                  Q4                  Q5
  -------------------------------------- ------------------- ------------------- ------------------- ------------------- -------------------
  24:0, median (range), % of total FAs   1.05 (0.52--1.15)   1.24 (1.15--1.30)   1.37 (1.30--1.43)   1.52 (1.44--1.61)   1.76 (1.61--3.41)
  Age, y                                 76.29±5.52          76.02±5.40          75.67±5.28          75.21±5.23          74.63±5.12
  Sex, male (%)                          31.89               37.62               41.30               45.62               45.72
  Race, white (%)                        89.93               88.10               85.56               85.66               75.50
  Education, \>high school, (%)          74.23               71.60               72.60               76.72               74.88
  Current smoker, %                      7.89                10.34               9.70                9.00                9.61
  Diabetes mellitus, %                   20.46               13.10               12.31               12.80               12.78
  Coronary heart disease, %              20.69               21.27               19.17               21.33               15.94
  Atrial fibrillation, %                 9.94                7.57                6.15                5.92                4.92
  Treated hypertension, %                58.63               51.92               45.92               45.85               43.85
  Systolic blood pressure, Hg mm         138.34±22.11        136.38±21.67        136.35±20.32        134.26±19.93        135.20±21.42
  Diastolic blood pressure, Hg mm        70.44±11.38         70.17±11.28         71.05±11.27         71.26±10.85         71.82±10.80
  BMI, kg/m^2^                           27.25 ±5.03         26.75 ±4.84         26.55 ±4.57         26.43 ±4.39         26.39 ±4.31
  Fasting glucose, mg/dL                 113.10±37.48        106.32±29.27        105.91±30.86        108.10±40.07        106.67±33.83
  Waist circumference, cm                98.88 ±14.30        97.33 ±13.40        97.09 ±12.50        96.44 ±12.17        96.14 ±12.68
  LDL cholesterol, mg/dL                 108.72±32.87        122.55±31.10        130.00±30.41        135.08±32.38        139.96±33.67
  HDL cholesterol, mg/dL                 52.29±15.97         53.48±14.72         53.41±13.97         53.10±13.59         54.60±13.63
  Triglycerides, mg/dL                   200.73±134.85       150.70±71.18        135.07±62.80        125.80±55.57        110.95±49.67
  Blocks walked in previous week         30.66 ±54.03        41.69± 76.83        39.43 ±61.31        47.19±70.67         46.52±73.24

Q1, Q2, Q3, Q4, and Q5 are first, second, third, fourth, and fifth quintile, respectively. 24:0 indicates lignoceric acid; BMI, body mass index; LDL, low‐density lipoprotein; HDL, high‐density lipoprotein.

John Wiley & Sons, Ltd

During 45 030 person‐years, we identified 1304 cases of incident HF, including 489 HFpEF, 310 HFrEF, and 505 with unknown classification. After multivariable adjustment for demographics and major HF risk factors, higher levels of 22:0 and 24:0, but not 20:0, were each associated with lower risk of incident HF (Table [3](#jah33598-tbl-0003){ref-type="table"}). For example, the HR in the upper quintile compared with the lowest quintile was 0.73 (95% confidence interval \[CI\], 0.61--0.88) for 24:0 (*P* trend, 0.001) and 0.80 (95% CI, 0.66--0.96) for 22:0 (*P* trend, 0.01). Additional adjustment for 2 plasma phospholipid FAs known to be associated with HF in the CHS[18](#jah33598-bib-0018){ref-type="ref"}, [20](#jah33598-bib-0020){ref-type="ref"} strengthened these associations, with higher levels of 20:0 now also significantly associated with lower risk (*P* trend=0.0007). Further adjustment for plasma phospholipid palmitic acid (16:0) or blood levels of low‐density lipoprotein cholesterol, high‐density lipoprotein cholesterol, or triglycerides had minimal impact on these associations (not shown).

###### 

Association of Plasma Phospholipid Very‐Long‐Chain Saturated Fatty Acids With Incident Heart Failure in the Cardiovascular Health Study

                                                                     Quintile of Plasma Phospholipid Fatty Acid Levels   *P* Trend                                                                       
  ------------------------------------------------------------------ --------------------------------------------------- ------------------- ------------------- ------------------- ------------------- ------------
  24:0                                                                                                                                                                                                   
  Cases/person‐years                                                 315/8675                                            297/9348            258/9064            245/9055            189/8888            
  Incidence rate, ‰                                                  3.63%                                               3.18%               2.85%               2.71%               2.13%               
  Demographics adjusted[a](#jah33598-note-0005){ref-type="fn"}       REF                                                 0.85 (0.72--1.00)   0.78 (0.66--0.92)   0.74 (0.62--0.87)   0.61 (0.51--0.74)   6.0×10^−8^
  Multivariable adjusted[a](#jah33598-note-0005){ref-type="fn"}      REF                                                 0.91 (0.78--1.07)   0.91 (0.77--1.08)   0.86 (0.72--1.02)   0.73 (0.61--0.88)   0.001
  Multivariable+FA adjusted[a](#jah33598-note-0005){ref-type="fn"}   REF                                                 0.86 (0.74--1.02)   0.86 (0.72--1.01)   0.79 (0.67--0.94)   0.67 (0.55--0.81)   0.00003
  22:0                                                                                                                                                                                                   
  Cases/person‐years                                                 312/8850                                            310/9407            257/9322            239/8818            186/8632            
  Incidence rate, ‰                                                  3.52%                                               3.30%               2.76%               2.71%               2.15%               
  Demographics adjusted[a](#jah33598-note-0005){ref-type="fn"}       REF                                                 0.95 (0.81--1.11)   0.81 (0.69--0.96)   0.82 (0.69--0.97)   0.71 (0.59--0.86)   0.00006
  Multivariable adjusted[a](#jah33598-note-0005){ref-type="fn"}      REF                                                 0.99 (0.85--1.16)   0.90 (0.76--1.06)   0.90 (0.76--1.07)   0.80 (0.66--0.96)   0.01
  Multivariable+FA adjusted[a](#jah33598-note-0005){ref-type="fn"}   REF                                                 0.96 (0.82--1.12)   0.84 (0.71--0.99)   0.83 (0.70--0.99)   0.72 (0.60--0.87)   0.0002
  20:0                                                                                                                                                                                                   
  Cases/person‐years                                                 237/7377                                            262/8868            258/8715            269/9727            278/10 342          
  Incidence rate, ‰                                                  3.21%                                               2.95%               2.96%               2.77%               2.69%               
  Demographics adjusted[a](#jah33598-note-0005){ref-type="fn"}       REF                                                 0.87 (0.73--1.04)   0.88 (0.74--1.05)   0.80 (0.67--0.95)   0.80 (0.67--0.95)   0.009
  Multivariable adjusted[a](#jah33598-note-0005){ref-type="fn"}      REF                                                 0.97 (0.81--1.16)   0.99 (0.83--1.18)   0.94 (0.78--1.12)   0.93 (0.78--1.11)   0.36
  Multivariable+FA adjusted[a](#jah33598-note-0005){ref-type="fn"}   REF                                                 0.90 (0.75--1.07)   0.87 (0.73--1.05)   0.79 (0.65--0.95)   0.72 (0.59--0.88)   0.0007

20:0 indicates arachidic acid; 22:0, behenic acid; 24:0, lignoceric acid; FA, fatty acids; REF, reference.

The table shows hazard ratios of heart failure associated with quintiles of circulating very‐long‐chain saturated fatty acids compared with the lowest quintile, with different levels of adjustments. Demographics model adjusted for age, sex, race, and clinic site. Multivariable model further adjusted for prevalent coronary heart disease, atrial fibrillation, diabetes mellitus, fasting glucose levels, treated hypertension, systolic blood pressure, body mass index, waist circumference, smoking status, and physical activity. Multivariable+fatty acids (FA) model further adjusted for circulating levels of phospholipid fatty acids 20:5n3 (eicosapentaenoic acid) and 24:1n9 (nervonic acid).

John Wiley & Sons, Ltd

In continuous linear analyses evaluating each VLSFA according to its interquintile range, after multivariable+FA adjustment, the HR associated with 24:0 was 0.76 (95% CI, 0.65--0.89; *P*=0.001) and similarly for 22:0 (HR, 0.77; 95% CI, 0.66--0.90; *P*=0.001) and 20:0 (HR, 0.71; 95% CI, 0.60--0.84; *P*=8×10^−5^). In further analyses that examined all 3 VLSFAs jointly in the same model, both 24:0 and 20:0, but not 22:0, were associated with lower risk of HF, with interquintile range HRs (95% CI) of 0.65 (0.46--0.94) for 24:0 and 0.69 (0.54--0.87) for 20:0. Adjusted for 24:0 and 20:0, the HR for 22:0 was 1.40 (0.91--2.14), possibly attributable to noise.

Data on ejection fraction measurements were available for 60% of HF cases. In secondary analyses, we examined the association of VLSFA levels with HF with and without preserved ejection fraction [(Figure](#jah33598-fig-0001){ref-type="fig"}). Higher levels of 24:0 and 22:0 were associated with lower risk of incident HFpEF, but not HFrEF, although point estimates for the HRs were generally similar and did not differ significantly [(Figure](#jah33598-fig-0001){ref-type="fig"} and [Table S1](#jah33598-sup-0001){ref-type="supplementary-material"}).

![Associations of very‐long‐chain saturated fatty acids with total incident heart failure, heart failure with preserved ejection fraction, and heart failure with low ejection fraction. Hazard ratios of total incident heart failure (green), heart failure with preserved ejection fraction (red), and heart failure with reduced ejection fraction (blue), associated with higher levels of 24:0 (top estimates), 22:0 (middle estimates), and 20:0 (bottom estimates) corresponding to the interquintile range. Multivariate+fatty acids (FA) adjustment models as in Table [2](#jah33598-tbl-0002){ref-type="table"}. 20:0 indicates arachidic acid; 22:0, behenic acid; 24:0, lignoceric acid.](JAH3-7-e010019-g001){#jah33598-fig-0001}

In exploratory analyses, we did not find evidence of interaction between the VLSFAs and sex, age, BMI, diabetes mellitus, and coronary heart disease in relation to risk of HF (*P* values for interaction, ≥0.10 each), shown for 24:0 in [Table S2](#jah33598-sup-0001){ref-type="supplementary-material"}.

Discussion {#jah33598-sec-0017}
==========

In this large, prospective cohort of older US adults, we have identified, for the first time to our knowledge, an association of higher levels of plasma phospholipid VLSFA with lower risk of incident HF. The associations were independent of major HF risk factors and other FAs and did not significantly differ by sex, age, BMI, diabetes mellitus, and coronary heart disease. When the VLSFAs were evaluated jointly, 24:0 and 20:0, but not 22:0, were independently associated with lower risk of HF. The associations of the VLSFA with HFpEF and HFrEF were similar to the associations with total HF.

Higher levels of circulating VLSFAs have been associated with lower risk of atrial fibrillation in the CHS[13](#jah33598-bib-0013){ref-type="ref"} and lower risk of coronary heart disease in the Harvard cohorts.[14](#jah33598-bib-0014){ref-type="ref"} In the present study, the VLSFA associations with HF were independent of time‐dependent adjustment for these risk factors, suggesting that atrial fibrillation and coronary heart disease did not mediate the inverse associations with HF. The VLSFAs are also associated with lower risk of diabetes mellitus in the CHS and in the InterAct Study,[11](#jah33598-bib-0011){ref-type="ref"}, [12](#jah33598-bib-0012){ref-type="ref"} and these associations appear, at least in part, to be mediated by circulating levels of triglycerides and 16:0, markers of lipogenesis and FA synthesis. In the current study, the VLSFA associations with HF were independent of levels of fasting triglycerides and 16:0, suggesting that potential mechanisms underlying the associations of VLSFA with HF versus diabetes mellitus may differ.

The VLSFAs are known components of ceramides and other sphingolipids,[22](#jah33598-bib-0022){ref-type="ref"} and ceramides are involved in apoptosis and heart dysfunction.[23](#jah33598-bib-0023){ref-type="ref"} However, unlike ceramides with palmitic acid, cell and animal studies provide strong evidence that ceramides that carry a VLSFA actually protect against apoptosis.[9](#jah33598-bib-0009){ref-type="ref"}, [24](#jah33598-bib-0024){ref-type="ref"}, [25](#jah33598-bib-0025){ref-type="ref"}, [26](#jah33598-bib-0026){ref-type="ref"} For example, the heart of genetically engineered mice with reduced ceramides containing VLSFA showed increased fibrosis, endoplasmic reticulum stress, and apoptosis.[26](#jah33598-bib-0026){ref-type="ref"} Further studies are needed to investigate whether ceramides with VLSFA play a role in the prevention of HF in humans.

Levels of circulating VLSFA are influenced by both diet and metabolism. For example, VLSFAs are found in certain foods, including peanuts, macadamia nuts, and canola oil.[27](#jah33598-bib-0027){ref-type="ref"} Small short‐term feeding trials show that consumption of macadamia nuts[28](#jah33598-bib-0028){ref-type="ref"} and peanut butter[29](#jah33598-bib-0029){ref-type="ref"} increase circulating levels of VLSFA. In the CHS, levels of 22:0 and 24:0 are also associated with peanut consumption.[11](#jah33598-bib-0011){ref-type="ref"} However, VLSFAs can also be synthesized endogenously from shorter‐chain saturated FAs by the action of elongases.[30](#jah33598-bib-0030){ref-type="ref"}, [31](#jah33598-bib-0031){ref-type="ref"} In particular, the ubiquitous elongase, elovl1, elongates stearic acid (18 carbons) to 20:0 and longer VLSFA.[30](#jah33598-bib-0030){ref-type="ref"} Furthermore, elovl1 appears to be coupled to ceramide synthase 2 and to provide 24:0 for the synthesis of sphingolipids with 24:0.[32](#jah33598-bib-0032){ref-type="ref"} In agreement with a role of VLSFA in sphingolipid metabolism, we showed, in a genome‐wide association study, that circulating levels of VLSFA were associated with variation in genes involved in de novo synthesis of sphingolipids.[33](#jah33598-bib-0033){ref-type="ref"} Overall, the relative contribution of diet versus metabolism to circulating levels of VLSFA, and whether it differs for 20:0, 22:0, and 24:0, is not known. The associations observed in the present investigation suggest that both dietary and metabolic influences, either of which may alter circulating VLSFA levels, may potentially influence the risk of HF.

Strengths of the study include the prospective design, population‐based cohort, use of an objective marker of diet and metabolism, repeated VLSFA measurements, and information on multiple potential risk factors. The study also has potential limitations. This is an observational study, and causality cannot be conclusively established. Confounding by unknown factors is also possible. However, results were robust to adjustment for multiple major HF risk factors. The study was conducted among older adults, the population at highest risk of HF, and results may not be generalizable to younger populations. Although the total number of HF cases and HFpEF cases were large, fewer cases of HFrEF occurred, potentially limiting power to confirm associations of VLSFA with HFrEF.

In conclusion, we report novel associations of higher levels of plasma phospholipid VLSFA with lower risk of incident HF among older adults. The study findings should prompt further research on the role of VLSFA in HF and the determinants of circulating levels of VLSFA.
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**Table S1.** Associations of Plasma Phospholipid Very‐Long‐Chain Saturated Fatty Acid Levels With Total Incident Heart Failure, Heart Failure With Preserved Ejection Fraction, and Heart Failure With Low Ejection Fraction

**Table S2.** Associations of Levels of Plasma Phospholipid 24:0 With Incident Heart Failure in Stratified Analyses

**Figure S1.** Association of levels of plasma phospholipid 24:0 with risk of incident heart failure---cubic spline analysis. The figure shows estimated hazard ratios (black line) and point‐wise 95% confidence intervals (shaded area) for the association between incident heart failure and plasma phospholipid concentration of 24:0, relative to the 10th percentile of 24:0 (1.046). Concentration of 24:0 is expressed as % of total plasma phospholipid fatty acids. Analyses adjusted for age, sex, race, clinic site, prevalent coronary heart disease, atrial fibrillation, diabetes, fasting glucose levels, treated hypertension, systolic blood pressure, body mass index, waist circumference, smoking status and physical activity, and circulating levels of phospholipid fatty acids 20:5n3 (eicosapentaenoic acid) and 24:1n9 (nervonic acid). Quintile cutoffs for 24:0 were 1.153, 1.302, 1.435, and 1.612. 24:0 indicates lignoceric acid.

**Figure S2.** Association of levels of plasma phospholipid 22:0 with risk of incident heart failure---cubic spline analysis. The figure shows hazard ratios of incident heart failure (black line), and point‐wise 95% confidence intervals (shaded area) associated with 22:0, relative to the 10th percentile of 22:0 (1.27). Concentration of 22:0 is as % of total fatty acids. Analyses adjusted as in [Figure S1](#jah33598-sup-0001){ref-type="supplementary-material"}. Quintile cutoffs for 22:0 were 1.406, 1.573, 1.727, and 1.914. 22:0 indicates behenic acid.

**Figure S3.** Association of levels of plasma phospholipid 20:0 with risk of incident heart failure---cubic spline analysis. The figure shows hazard ratios of incident heart failure (black line) and point‐wise 95% confidence intervals (shaded area) associated with 20:0, relative to the 10th percentile of 20:0 (0.396). Concentration of 20:0 is as % of total fatty acids. Analyses adjusted as in [Figure S1](#jah33598-sup-0001){ref-type="supplementary-material"}. Quintile cutoffs for 20:0 were 0.429, 0.477, 0.515, and 0.565. 20:0 indicates arachidic acid.

###### 

Click here for additional data file.
